Using a simian virus 40/adenovirus 12 (Adl2)-recom binant virus, the Adl2 early region 1B (E1B) 19K protein has been produced at high levels after infection of Cos 1 cells. Expression of the 19K polypeptide reaches a maximum at about 48 h post-infection, declining at later times as host cell death occurs. Using two-dimensional isoelectric focusing/SDS-polyacrylamide gel electrophoresis, we have shown that the Adl2 E1B protein is a major species following infection of Cos 1 cells with recombinant virus. Two forms of 19K polypeptide can be distinguished following isoelectric focusing. Using subcellular fractionation of infected cells, it was found that a similar distribution of 19K protein occurred after recombinant virus and Adl2 infection, with the polypeptide being most abundant in nuclear and membranous fractions. Similarly, as in Adl2-infected cells, a certain proportion of the protein is located on the outside surface of the cell after recombinant viral infection. Immunohistochemical studies suggest that, at early times postinfection, the E1B 19K protein is located in the nuclear membrane, the Golgi apparatus and the endoplasmic reticulum. At later times, it can be seen to have spread to the cytoplasm as well as to the other organelles. These results are discussed in relation to the known functions of the 19K E1B protein.
Introduction
It is now well established that the first adenovirus (Ad) proteins expressed after infection are encoded by the lefthand end of the viral genome [designated early region 1 (El)]. The E1 region consists of two transcriptional blocks (E1A and E1B) (Berk & Sharp, 1978; Chow et at., 1979) , each of which encodes two major polypeptides. The E1A gene is transcribed to give 13S and 12S mRNAs which are, in turn, translated into two polypeptides of apparent Mr 41K (in Adl2), as determined by SDS-PAGE. These proteins, which are identical over most of their amino acid sequence, regulate the transcription of the early viral genes (reviewed by Berk, 1986; Jones et al., 1988) . They are also capable of stimulating the expression of certain cellular proteins, for example the 70K heat-shock protein (Hsp 70), fl-tubulin and fl-globin, and inducing the synthesis of cellular DNA (reviewed by Berk, 1986; Jones et al., 1988) . As well as playing a central role during viral infection, the E1A gene is essential for Ad transformation and is capable of producing partially transformed cells alone (Shiroki et al., 1979; Gallimore et al., 1985) . However, for complete transformation, it is necessary for a complementary oncogene(s) to be present. Thus, the Ad E1B genes, or activated ras genes, cooperate with E1A to give fully transformed human and rodent cell lines (Jochemsen et al., 1982 (Jochemsen et al., , 1986 Land et al., 1983; Byrd et al., 1982 Byrd et al., , 1988 Ruley, 1983; Gallimore et al., 1985) .
Like E1A, the E1B transcriptional unit encodes two proteins. In Adl2, they are of 163 and 482 amino acids (Mr 19K and 54K) respectively, and are translated from a 22S mRNA which contains two initiation codons. Although parts of the coding sequences of the genes overlap, the polypeptides contain no common amino acid sequence as they are translated in different reading frames. The 19K protein can also be read from a smaller, 13S, mRNA which becomes predominant at times late after infection, but is rarely seen in Ad E 1-transformed cells (reviewed by Branton et al., 1985; Stillman, 1986; Grand, 1987) .
Most studies of the early region of Ad have concentrated on E 1 A, with appreciably less attention being paid to either of the E1B genes or proteins. However, recent research has provided some clues to the function of the smaller E 1B (19K) polypeptide. In particular, it has been shown that it can act as a regulator of viral gene expression (White et al., 1986 (White et al., , 1988 Hebst et al., 1988; Herrmann & Mathews, 1989) . In the presence of the E1A proteins, the E1B 19K product down-regulates the level of expression of other viral genes (White et al., 1986; White & Stillman, 1987) by causing a reduction in early gene transcription. It has been suggested that this may be achieved by repressing E1A-dependent gene expression, possibly by modifying the activity of the E1A proteins (White et al., 1986 (White et al., , 1988 . In the absence of EIA, however, it appears that the E1B 19K protein produces the opposite effect, causing an increase in the expression of other viral genes and D NA synthesis (Herrmann et al., 1987; White et al., 1988; Herrmann & Mathews, 1989) . In cotransfection experiments, the presence of the 19K protein causes an increase in the level of expression from plasmids encoding either other viral proteins or polypeptides of cellular origin, for example Hsp 70 (Herrmann et al., 1987; White et al., 1988; Herrmann & Mathews, 1989) . Recently, Herrmann & Mathews (1989) have shown that this increase in expression is due to a protective influence of the 19K protein exerted on viral or plasmid DNA.
These observations are consistent with many previous reports which have shown that, in 19K mutants, various phenotypes are observed (lp ÷, deg ÷, cyt +) which are seen as particularly large clear plaques after viral infection. These are due to increased cytopathic effects on the host cell and the degradation of host cell and viral DNA (Takemori et al., 1969 (Takemori et al., , 1984 Chinnadurai et al., 1979; Chinnadurai, 1983; Pilder et al., 1984; Subramanian et al., 1984) . The reported stabilizing effects of the 19K protein on DNA seems somewhat at odds with the reported subcellular localization of the polypeptide. Fractionation experiments have demonstrated that it has two major locations, the nucleus and cellular membrane structures (Persson et al., 1982; Rowe et al., 1983; Grand & Gallimore, 1984; White et al., 1984; Smith et al., 1989) . More detailed electron microscopic analysis of the nucleus (White et al., 1984) has shown the protein to be present in the nuclear envelope membranes and laminae of Ad-infected cells. This causes a perturbation of nuclear lamina organization resulting in the protection of DNA against degradation (Herrmann & Mathews, 1989) . Recently, evidence has been presented to indicate that the 19K protein associates with, and disrupts, intermediate filaments, possibly through interaction with vimentin or lamins (White & Cipriani, 1989 , 1990 . As yet, however, no role has been suggested for that portion of the 19K protein which is present in the cell membranes and on the outside surface of Adl2-infected and transformed cells (Smith et al., 1989) . However, it seems likely that the post-translational addition of a palmitoyl moiety to the protein is of overriding importance in the location of the protein in the membrane McGlade et al., 1987) .
As a first step in the further elucidation of the role of the 19K protein in Ad infection and transformation, we have constructed a SV40/AdI2 recombinant virus which, when it is used to infect Cos 1 cells, results in high level expression of the polypeptide chain. We have shown that the 19K protein is located in the nuclear and membraneous fractions and is post-translationally modified by the addition of palmitate. Using immunofluorescence microscopy, we have shown that the protein is located in the Golgi apparatus and endoplasmic reticulum (ER).
Methods
Construction of recombinant SV40/AdI2 EIB 19K plasmid. The pSV Adl2 19K vector was derived from an original construct, pPava-1 made by Settleman & DiMaio (1988) , which contained the BstEII [nucleotide (nt) 2405] to BamHI (nt 4450) fragment of bovine papillomavirus 1 (BPV-1) inserted in place of the HindlII (nt 5171) to BclI (nt 2770) fragment of SV40, which encodes the large tumour antigen (T). The SV40/BPV-1 DNA had been inserted into pBR322 at the SV40 EcoRl site. The vector was modified by BstXI (nt 3881) and BstEII digestion to excise most of the BPV-1 sequence. The fragment encoding the SV40 late region, early promoter, origin of replication, pBR322 sequences and the remaining 569 bp of BPV-1, was gel-purified and end-filled using standard procedures. A BgllI linker (Pharmacia) was then ligated in to recircularize the plasmid. This construct, pAP16 (Parton, 1989) , was subsequently digested with BgllI, and the 19K E1B gene inserted so that it was transcribed from the SV40 early promoter (Fig. 1) . The DNA fragment encoding the 19K protein was made by use of the polymerase chain reaction (PCR) on Adl2 genomic DNA using two oligonucleotides, 5" ATAGTTCAGATCTTAGTA 3' and 5' CTCTATCAGATCTGCGCA 3', that created BgllI sites at positions 1532 and 2095. The fragment was then inserted into pAP 16 at its BgllI restriction sites. Poly(A) sequences were provided from a site in the residual BPV-1 sequence, or from the 3' end of the SV40 early gene. It should be noted that the BPV-1 sequence was not intentionally retained, but since it did not interfere with virus production it was left undeleted. Cos I cells, pSV Ad 12 19K was digested with EcoRI and recircularized by ligation at low DNA concentration (10 ~tg/ml) to remove pBR322 plasmid sequences. Following phenolchloroform extraction and ethanol precipitation, the DNA was resuspended in Dulbecco's phosphate-buffered saline A and electroporated into Cos 1 ceils maintained and grown on DMEM and 10~ foetal calf serum (FCS). Pre-chilled cells (10 min on ice) were electroporated with the DNA in a volume of 1 ml, in conditions optimized for DNA transfer (25 p.F, 800 V). Cells were then put on ice for 10 min before re-plating in medium. Cells were routinely maintained in DMEM supplemented with 10~ FCS. After 5 to 6 days, virus-induced cytopathic effects became evident. At this point, ceils were harvested and the virus was released by three rounds of freezing and thawing, with cell debris being removed by centrifugation. High titre stocks of virus (approx. 109 infectious units/ml) were produced by re-passaging the virus on The BgllI linkers separating the gene from flanking SV40 sequences are indicated. The plasmid contains the SV40 late region and pBR322 sequences, with a short residual non-coding sequence from BPV-1. Sequences 5' to the 19K ATG codon are given by Settleman & DiMaio (1988) .
Rescue of virus and infection of
Cos 1 cells were infected at an m.o.i, of 100 on 1 × 106 ceils in a 9 cm dish for 2 h; infected cells were then overlaid with fresh medium.
Infection with Ad12 wild-type virus.
Human embryo retinal (HER) cells transformed with Adl2 E1 DNA (Adl2 E1 HER3; Byrd et al., 1982) were maintained in DMEM with 10~ FCS. Cells were infected with Adl2 (100 p.f.u./cell) and harvested at 24 h post-infection.
Immunoprecipitation. Cos 1 cells infected with recombinant SV40/Adl 2 E 1B 19K virus were labelled with [3SS]methionine for 2 h (200 pCi/10 cm dish). After washing and harvesting, cells were subjected to immunoprecipitation with tumour bearer serum (TBS) containing antibodies to the Adl2 E1 19K protein, using the protocol described by Paraskeva et al. (1982) . The precipitated 35S-labelled proteins were generally run on polyacrylamide gels in the presence of 0.1~ SDS, 0.1 rd-Tris, 0.1 r,l-Bicine. In some experiments, however, immunoprecipitated proteins were run on the two-dimensional isoelectric focusing/SDS-polyacrylamide gel (IEF/SDS-PAGE) system described by O'Farrell et al. (1977) . Proteins were detected by fluorography.
Infected cells were also radiolabelled with [3H]palmitic acid (2-5 mCi/10 cm dish) for 6 h and immunoprecipitated as described above.
Subcellularfractionation. Cos 1 cells infected with the recombinant
virus (100 p.f.u./cell) were labelled with [3SS]methionine (225 pCi/10 cm dish) for 3 h and then harvested at 48 h post-infection (p.i.) and washed in ice-cold saline (0.85% NaCI). Pelleted cells from 20 dishes were resuspended in 5 volumes of ice-cold 10% Sucrose, 0-5 mM-EDTA pH 7-2, and homogenized using a Wheaton-Dounce glass homogenizer. Nuclei were spun down at 1000 g for 10 min at 4 °C. This pellet was washed by resuspension in buffer, followed by recentrifugation. The supernatants from the two steps were combined and centrifuged at 110000 g for 1 h. The pellet was taken as a crude membrane fraction and the supernatant as the cytoplasm. Immunoprecipitation was performed on the subcellular fractions using equal numbers of TCAprecipitable c.p.m, from each fraction.
Radioimmune assay (RIA) . Cos 1 cells infected with recombinant virus or Adl2 E1 HER3 cells infected with Adl2 wild-type virus were subjected to RIA by the protocol described by Smith et al. (1989) , using TBS containing antibodies to the Adl2 E1B 19K protein or SV40 T antigen, or phosphate-buffered saline (PBS) as a control.
Indirect immunofluorescence. Cos 1 cells were grown on glass multispot slides and, at various times after virus infection, were washed in PBS. After fixing in methanol for 10 min (-10 °C), slides were rehydrated in PBS containing 1 ~ normal goat serum (NGS) (used for all subsequent washes), then preincubated for 40 min at 37 °C in 25 % NGS in PBS. After brief washing, cells were incubated for 40 rain with TBS containing antibody to Ad 12 E 1B 19K protein, diluted 1 : 5 in 25 % NGS in PBS. The slides were washed extensively with five changes of 1~ NGS in PBS, and incubated in goat anti-rat fluoreseein isothiocyanate-labelled IgG (Sigma) diluted 1:25 in 25 ~ NGS in PBS. After final extensive washing, the cells were mounted under coverslips in antifading mountant based on t,4-diazobicycto-2,2,2-octane in 50~ glycerol (Johnson et al., 1982) .
Con focal microscopy. Fluorescence images were collected and
analysed by laser scanning confocal microscopy. The MRC-500 (BioRad) system was employed in the single channel mode and optimized for the fluorescein signal. Fluorescence was quantified by colour banding with seven equal divisions between 0 and 100~ of peak intensity. Intracellular localization of the 19K viral protein was studied by analysing series of images collected in the x-y axis with an increment of 0-3 pm. Direct photographs of the screen images were obtained with an on-line Matrix colour graphic camera.
Results

Construction of the recombinant virus
To facilitate expression of the Adl2 E1B 19K protein in a eukaryotic system, a recombinant SV40/Ad 12 virus has been constructed. This was achieved by removing almost all of the BPV-I DNA from pPava-1 (designed by Settleman & DiMaio, 1988) and replacing it with a fragment encoding the Adl2 E1B 19K protein (Fig. 1) . Infectious virus particles were generated by electroporation of the plasmid into Cos 1 cells, and subsequent rescue of the recombinant virus. High titre virus stocks were produced by re-infection of Cos 1 cells.
Expression of the Adl2 E1B 19K protein
Immunoprecipitation of Cos 1 cells infected with the recombinant virus indicates that expression of the adenovirus protein reaches a maximum at about 48 h p.i, declining at later times when, presumably, impending cell death stops further protein production (Fig. 2) . Fig. 3 (a) and (b) , suggests that the Ad polypeptide is a major species in the infected cell extract, although it is likely to constitute less than 1 ~ of the total cellular protein. The radioactive spot of Mr 19K (Fig. 3b) was identified by comparison of the autoradiographs in Fig.  3 (b) and (c). The origin of the 17K protein which is seen as a prominent species after infection of Cos 1 cells with the recombinant virus is not clear (Fig. 3b) . It is not immunoprecipitated with the 19K-specific antibody and therefore could well be of cellular origin. The 19K protein is not readily visible on autoradiographs of whole cell extracts infected with wild-type virus (data not shown). It can be seen from Grand, unpublished results), and it is unlikely that acylation would produce this diversity. A similar pattern is observed after infection with Adl2 virus (Fig. 3c) . Overexposure of the autoradiograph shown in Fig. 3 (b) indicates that two species of the 19K protein are present in the whole cell extract. However, it appears that the minor (more acidic) species is rather more abundant in immunoprecipitated samples. An explanation for this is not clear at present but modification during the immunoprecipitation procedure was kept to a minimum and this feature has never been observed with other proteins using an identical protocol. The levels of expression of 19K protein shown in Fig. 3 (c) and (d) are not directly comparable as appreciably more cellular extract and antibody were used in the case of wild-typeinfected samples, ensuring spots of reasonable intensity on the autoradiograph. The data shown in Fig. 3 are compatible with the composition of the protein, which is neutral at pH7.
Palmitoylation of Ad E1B 19K
It has been known for some time that the Adl2 E1B 19K protein is acylated in both Adl2-infected and Adl2 Eltransformed human cells . Therefore, to confirm that the protein expressed in the recombinant virus system was being correctly post-translationally modified, protein extracts labelled with [3H]palmitate were immunoprecipitated. It can be seen from Fig. 4 that some of the 19K E1B protein expressed in the recombinant virus system has bound lipid. However, prolonged 19K pH 3.5 pH 9-5 pH 3.5 pH 9.5 exposure of the autoradiographs was necessary before a radioactive band could be detected, suggesting that modification of all of the viral polypeptide did not occur, possibly due to impairment of the acylation mechanism after the onset of infection. The fast running bands seen at the bottom of the gel (particularly prominent in lane 3) are due to the presence of free [3H]palmitate, which is often coprecipitated in experiments such as these. 
Radioimmunoassays of virus-infected Cos 1 cells
Radioimmunoassays of Cos 1 cells infected with the recombinant virus were performed, using the protocol described by Smith et al. (1989) , to ascertain whether surface localization of the 19K protein takes place in this system, as occurs in Adl2-infected and transformed cells. Data in Fig. 6 indicate that appreciable amounts of protein are present in the outer membrane of the Cos 1 cells at late times after infection. The inclusion of the antibody to SV40 antigen in the assay was intended to act as a control, to ensure that cell lysis was not responsible for the detection of the 19K polypeptide. It can be seen that there was little difference in the detected level of T antigen before or after infection with recombinant virus.
There is an appreciable time lag between expression of E1B 19K within the cell, as detected by immunoprecipitation and detection on the surface. Internal maximum levels were achieved at 48 h p.i. (Fig. 2) , whereas the amount of Ad protein on the surface was still increasing at 72 h p.i. 
Immunofluorescence studies
Cos 1 cells infected with recombinant virus were fixed at various times p.i. and stained using TBS containing antibodies to the Adl2 E1B 19K protein, as described in Methods. The cells were viewed using a laser scanning confocal microscope. Photomicrographs are presented in Fig. 7 . The distribution of the protein can be followed as the viral infection proceeds ( Fig. 7al and bl) . At relatively early times (30 to 36 h p.i.), strong fluorescence and strong staining of the Golgi apparatus and the ER are visible. At 48 h p.i., the intensity of the nuclear membrane, ER and Golgi apparatus staining is markedly increased, with faint fluorescence spreading out towards the periphery of the cell, although little or no protein can be detected in the plasma membrane. At late times (84 h p.i.), virtually all of the cytoplasm is stained, as is the Golgi apparatus and ER. It can be seen that, when expression is highest (48 h p.i.), there is a generalized nuclear fluorescence, but this is very faint compared to the intensity of stain visible in the nuclear membrane. Fig. 7 (a)2 and (b)2 show an enlarged photomicrograph of a cell at 48 p.i., where it can be seen that the Adl2 E1B 19K protein is most concentrated in the nuclear membrane but is also relatively abundant in the internal membranes (ER and Golgi apparatus), spreading throughout the cell. If the intensity of fluorescence is examined at different levels through the cell ( Fig. 7a3 and b3) , it can be seen that the maximum expression of protein occurs in the membrane structures adjacent to the nucleus, which are judged to represent the ER or Golgi apparatus. The nuclear membrane is also intense, but it can be clearly seen that a general intranuclear fluorescence is visible.
Relative levels of intensity of fluorescence of the cells are shown in Fig. 7 (b) .
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When immunofluorescence studies were carried out on cells infected with wild-type virus, a fai~nt fluorescence was visible in the nuclear membrane but no protein was visible elsewhere in the cell (data not shown). It seems likely that this is due to lack of sensitivity, caused perhaps by relatively low titre antibodies.
Discussion
We have constructed a recombinant SV40/Adl2 EIB virus based on the Pava-1 system (Settleman & DiMaio, 1988) , which, when used to infect Cos 1 cells, allows the high level expression of the Ad 12 E 1B 19K polypeptide. This makes use of the fact that these cells constitutively express SV40 T antigen, with transcription being driven by the SV40 early promoter. The level of expression is relatively high, as judged by SDS-PAGE of whole cell extracts, but the product still probably constitutes less than 1~ of the total cellular protein. Comparable expression has previously been achieved using a rather different Adl2/SV40 recombinant virus in which the SV40 late promoter was present (Oda et al., 1983) .
High level production of the Adl2 E1B 19K protein in this recombinant virus is a first step towards detailed characterization of its function in infection and in transformation. It was therefore essential to investigate whether it was being correctly localized and posttranslationally modified. Acylation of proteins is now recognized as a reasonably widespread modification, particularly amongst viral proteins (see Schultz et al., 1988; Grand, 1989 , for reviews). It is considered that the addition of the palmitate moiety may be important for the membrane localization of the Adl2 E1B 19K polypeptide McGlade et al., 1987) , although it is not yet clear whether the protein located in the nucleus has covalently bound lipid, or whether that modification is restricted to the protein present in the plasma membrane. It can be seen from the data presented in Fig. 4 that some of the Adl2 E1B 19K protein expressed in Cos 1 cells is acylated, but it appears that only a small proportion of the molecules are modified since the intensity of the radioactive bands is not as great as might be expected considering the high level of protein expression. This may be caused by dislocation of the enzyme mechanism involved in the acylation due to viral infection or perhaps because the acylating enzymes are incapable of modifying the very large amount of 19K polypeptide present.
A second post-translational modification to the 19K protein appears to take place resulting in a charge variation, since two differently charged species can be distinguished after immunoprecipitation of ceils infected with either recombinant virus or with Adl2 wild-type virus ( Fig. 3c and d ). An explanation for this is not apparent at present, but it appears not to be due to phosphorylation since there is no incorporation of [32p]phosphate into the Adl2 protein. However, the homologous polypeptide from the Ad5 serotype does contain a phosphorylation site (McGlade et al., 1989) .
As in Adl2 wild-type-infected cells, some of the E1B 19K protein is transported to the surface and is incorporated into the plasma membrane. However, the results of the RIAs suggest that this constitutes only a small proportion of the total protein synthesized. This observation is consistent with the indirect immunofluorescence data which show very little, if any, staining in the plasma membrane. All of the data presented here are consistent with synthesis of the 19K protein reaching a maximum at about 48 h, when most of the protein is located in the nuclear membranes and in internal membrane systems, although some may be present in the cytoplasm. At later times the protein appears to spread out from the nucleus towards the periphery of the cell when, presumably, plasma membrane localization occurs. It may be that only this portion of the 19K polypeptide is acylated, the majority, which is destined for the nuclear membrane, being unmodified. Certainly the distribution of SV40 T antigen follows this pattern; most of the protein is nuclear but a small proportion is found in the plasma membrane (reviewed by Butel & Jarvis, 1986) . Much of the membrane-bound polypeptide is modified (Klockmann & Deppert, 1983) by the addition of a palmitate moiety, and this behaves as a transmembrane protein (Klockmann & Deppert, 1985) , responsible for the induction of SV40 tumour-specific transplantation immunity.
Previous immunohistochemical studies of the Adl2 E 1 B 19K protein have shown that, at intermediate times after Ad infection of HeLa cells (17 h), some of the polypeptide is located in the nuclear membrane and some is cytoplasmic (White et al., 1984) . These authors concluded that the cytoplasmic component was, in fact, located in the ER. In the experiments reported here we see a similar distribution for the protein at 48 h after infection of Cos 1 cells with recombinant virus, although it is not possible to confirm from the photomicrographs shown in Fig. 7 that there is 19K protein in the ER and Golgi membrane systems. At late times (40 h), White et al. (1984) found that all of the protein had been transported to the nuclear membrane, none remaining in the cytoplasm. It can be seen from Fig. 7 that this is not the case in our experiments, since the proportion of 19K in the cytoplasm increases at later times after infection, possibly due to the high level of protein expression disrupting the cellular transportation system. Alternatively, the inherent differences between the cells infected (Cos 1 and Hela cells) may go some way toward explaining the discrepancy between our results and those of White et al. (1984) .
In the past it has been rather difficult to reconcile the observed nuclear envelope locations and DNA-stabilizing functions of the Adl2 E1B 19K protein. It has, however, become apparent that the nuclear lamina is involved in chromatin organization and that the lamins may play a role in anchoring chromosomes to the nuclear membrane (see Franke et al., 1981, for review) . Whether the presence of the 19K polypeptide in the nuclear envelope is sufficient to protect DNA is not clear, but it has been suggested by Herrmann & Mathews (1989) that this might cause a perturbation of the nuclear lamina and intermediate filaments compartmentalizing or 'in some other manner protecting DNA from degradation' (Herrmann & Mathews, 1989) . Certainly, the presence of 19K protein in infected and transformed cells causes a severe disruption of intermediate filaments possibly through an interaction with vimentin or lamins (White & Cipriani, 1990) . The immunoprecipitation data presented in Fig. 2 show the coprecipitation of proteins of 30K and 14K with the 19K E1B. This may be explained either by shared epitopes, such that they are all recognized by the same antibody, or by binding of the Adl2 E1B 19K to host cell polypeptides. If this latter explanation were the case it is not possible, at present, to assign these bands, but neither is likely to be vimentin or the lamins since these all have Mrs in excess of 50K.
The system described here, in which high levels of 19K protein expression have been achieved, offers an opportunity to analyse in detail the effects of the protein on the nuclear lamina and cellular nucleases which are responsible for DNA degradation and the deg +, cyt ÷ and lp ÷ phenotypes. Also, due to the relative speed of virus infection, new 19K mutants may be rescued and rapidly screened for. This should allow us to increase our understanding of how the adenovirus protein is localized in the membraneous organelles of the infected cell, and what property determines the proportion of the protein that is incorporated into the plasma membrane.
